amplifier (SR 830, SRS, Sunnyvale CA) using copper wires. As the soft, hydrated biological tissue is weakly electrically conducting, a thin dielectric film is incorporated between the heater and the sample to prevent electrical cross-talk, after connecting the wires to the heater line. This was achieved by dissolving polystyrene pellets in toluene at a concentration of 15 mg/mL. A few drops of the solution were dropped directly on top of the sensor, which was then held vertical to allow excess solution to run off. The toluene evaporates in 5 to 10 seconds leaving a thin continuous layer (~ 1μm) of polystyrene dielectric layer (Fig 1(a, b) ).
Supplementary information 2:
(a) Theory behind flow rate measurement:
The theory behind flow rate measurement is that the electrical power input to the heater is lost as heat by conduction to the substrate below and convection to the flowing water above the sensor as given by Eqn (S1). where 'x' is the total distance travelled by water on the substrate. ' ' is the unheated starting length, referring to the distance travelled by water over unheated glass substrate and 'x- ' can be referred as the heated length. In the case of the sensor, heated length is a function of flow angle 'φ'. For φ=0 0 , the heated length will be 'L', i.e., the thermal boundary layer will develop over the length of the heater line 'L'. In contrast, for φ=90 0 , the heated length 'x' is the width of the heater line 'b' plus the thermal penetration depth (PD). It is known from Eqn (S2) and the boundary layer theory that the average convection coefficient (hconv) will decrease with increase in boundary layer thickness 4 . As (b+PD)<<L, thermal boundary layer thickness will be small across the heater line. Thus hconv will be higher for the case φ=90 0 , thus explaining the behavior in Figure 3 (f).
Supplementary information 3:
Use of in phase 3ω signal (V3ω, ip) to sense contact, thickness and phase change: Figure S1 shows the use of V3ω, ip to sense contact, thickness and phase change. The sensor is Representative experiments of freezing water drop and mouse liver freezing is from bottom to top. V3ω, op was measured as a function of time at constant PD (i.e. frequency-1.03 Hz). Water was cooled from below at ~120 s and thawed at ~340 s. Mouse liver was cooled from below at ~ 150 s and thawed at ~550 s;
